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(multiplex polymerase chain reaction, MPCR) ¥t ik & #% 4k fi1® 6945 85 » 47 invA
B IS200 ARG R AHBY PPIRAT A Z BT - AEHREER L 263 %50 B 23 4
UEREaFRZHPARALE £ O 5uBAH A~B~C1-~C2-DI~D2+El
B E2 B 5 045 12 AR AR R 251 ko BEAREAT A - 2L MPCR 42 BI& R 5
BT 24 HIURE$E A 24 complex MBI R AR M R0 A AR ZARB 4
B3 BT 0450 1) %8 S AE K B2 &+ > 2L PCR 488 A 49 4#](10.89 %) % B 1+ - MPCR
B i R PR I8 R RAE R B RABFT - (BRI R RE R R L 58k 3] 49 47 1
RAFE R Hf s 2 AR 2FA 50 #15L @05+ > MPCR #5a 4
Ry Bt BRKIREARETE R - RIbRFIEERER K E PR
B A SRR R K RALE 18 NEF 0 I AN PTRAR B 89 PR s B A o

FE7T: YPILIRE  BERSEERE « 287
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PIIFEFT SN ERMERRERBIEES TR X
B ERXTERIICS AR ENSBERENEX
EBEX B PIRIEE O RESI R IR ER R E
FWMAES < APIRIFRRRAREAREE L —E
EBNFER > MREEEHRMSEMBREAL14]
BETEEE—FRAAPFIREERREXEAEHE
%£7t(3] - BRIBERRESRC ' EELITERET
#5 (HACCP) it - sRsETRCPHERELEE - L
EMRERFELZZNBRBESE - THEEEEEE
B - APIRERSR TR - IRERIBEHEIRE -
LEEELSE B2  ARFERRIBRESFRIY - WP
KFEM SRR —IREEN T/F - R B/
MEAPIRIFENEEERRBRS  AINANRBEL
BEEENELS 18 B \EAOTEREENELE 4

g MESRENEDE 25 UL -

WPRIREE 2 MBREBE 2400 & @ REE
10 - IKIREIARREIAE ~ 6 FDA 5§ O AEHY
BREEHEREEE EtHERMBESHTEED
&=bF 47 X - —(BRERAOTEIE 10 BUA LA
MR MBESRE - FGIRHEX ST RIEEER
# o WIMBBRETAE HELASTIMERNERE
S EMEDREER MBS WBERARTAIER
2MBRET - AbA T BREETERRE - AHREHSE
F AR &% #8  fE(polymerase chain reaction -
PCR)ZR BN PIRIZFRZETE ©
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CCRC12949) ~ Sal. enteritidis ser Typhimurium
(ATCC 14028, CCRC 12947, 10747) ~ Sal.
enteritidis ser Cholerasuis (CCRC10743) ~ Sal.
enteritidis ser Typhi (CCRC12948, 14875) »
Sal. enteritidis ser Dublin (CCRC13852) ~ Sal.
enteritidis ser Breukelen (CCRC15453) Sal.
enteritidis ser Arizonae (CCRC10742) - Sal
enteritidis ser Bredeney (CCRC15452)% 12 ¥
SEEMRRERSE ¥ 55 AFEWDREZ DRENK 251
KD B2 REFDAEBSRBRENR « GREA
SRESHETIRXERNSREMBHELRBITD
B -
PP IRE DB E(LHERIETE

251 HRAPIRIEEBRZ R REEZ
KEBEGFLEELASZERMEMZEEE-MPIREE
ZIER(PERBN+—F+RE+OBREEERTSE
ON—OONRMWZ @ISR FAFIZ AR « PR
1REMEARHIRE RIS Triple sugar iron agar (TS|
agar) - HIEERE  BHSEERENEE WS
FRZRMYEUEE « BOALEHERIE R ~ SULIPIEER R
BRESIZER ~ indol XER ~ BRI SLABISBIR ~ BIALARE
BIZER - S REE - PREASR  FRITEEHE
EIEESRRZSEBAERETIHARSE -MBELETED
BRRO NRREENRH RREE - FERM
y&{EFE Bacto-Salmonella O K H antisera - O $i[R
REDERFERBRERE  H MRZUERIERHAE
RRESEIAE -
DK EERSEERREPCR)AG

Frflsl A PIREEHE 263tk (it - i
M¥EBA E coi (ATCC 35150, 43888,
43889, 43894), Bacilus subtiis (ATCC
6633), Bordetella bronchiseptica, Campylobacter
jejuni  (CCRC 12876),
(BCRC10773, BCRC10774, BCRC15966,
BCRC15967), Shigella boydii (BCRC15960,
BCRC15958, BCRC15959), Shigella flexnerii
(BCRC10773)% - SIF AR ERMYE - D BIHEK

Shigella  sonnei

& invA gene B1TERETZ A HIS|FRUKIE IS200 F
FIB1TRET 2 B His| 35 - B REZEYRIARE
DAl%R 780 bp & 482 bp(k 1) BIE—BHRE
ZEMBIAERBL - RISEIR DNA &R ®iiE
BERNEEEEEEEEACERRRBIO™
HEURAE{E DNA-ABR D BEFERERERR 10
WL - EchE3E 1 WL reaction buffer~ 1 gL dNTP's
(& 2mM) ~ 2uL primer’s (A 5|5 2 UM » B ¥15|
F 0.5 UyM)~ 1L Tag (0.4U - Promega)~ 1 yL 8
HESR 4 pL H20 - o DU 2 & (denaturation)
94°C 1 M - ®E/XE (annealing) 53C 1 #H &
F% & (elongation) 74C 30 ME=BRERERE
1T 35 {BIEIR - 2B LEEHk DNA ETRIEE -
BUEXDaEEER -
BERRDIPKIEERA
BEESRAERIESEEL 50 fl-FBEE

IBEEEH 94 F 3 BE 11 B tERSERE=LS -
B 50 flIE 450 1l - #REK 2 N EEREEASEAL
PINIREEIRES - BRBEEALNRKREKEIEER

(Tetrathionate broth, TT)-BIX 37 CIEETEIEE
£ 18 N\ - IBERBAKEEZASZEGME
MEEE- W PREEZER O RETIEERETE
HAPIRIREE - B 1 mL DUSEEREM BRI
{LEH(AR-BIO™) HHEVRE{LHEE DNA > L Ll
PCR 75 AK&38 °

R

251 BHPRREZMERNE - BREEER
EESCSEIOREL - FTEEREMAHE 2R
A BRABEMMRRMEREERBRIINS - A
RIS Z A PIREE 263 #hB1E18 23 &M EAEMm
BE G HPOMERBAB-C1-C2-D1D2~
E1 R E2 8% - DI PCR RERABRY 2 ¥k H
[REF4E%R z4 complex FRERRIEMESN - BB
B BAERIRERE  RIE 2 PIRIEE 2
PCR &S E¥A 482 bp (1IS200)&EE 34.6 %
(91/263) > E¥WAH 780 bp (nVA)YEER 45.2 %
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(119/263)  EWk 482 bp & 780 bp &FB
19.4 % (51/263) - EdFrE Sal. Cholerasuis 2
EWISREB 780 bp °

450 pIFEERED - HPAIKEEIEERER
BELIGRAEB 49 AIE1%(10.89 %) 401 FIkE
% HEOREEl 49 HHPIRIFEEDRENR - HPBIE
12 BAEMER - QKAVEREEE - M PCR AIGK
BERAREEREZ NS 49 fl - BEFHEEY
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49 Plich - EWFR 482 bp (BB 0 % (0/49) » E
¥k 780 bp EE 38.8 % (19/49) ' EMA
482 bp & 780 bp BH 61.2 % (30/49)18
150 flisEE A PIRKIERIEERERBETBR
AlI9REM - PCR BRI RIEN - BB E5ERIS
HFERABR - PCR BBMETEBR—N - AL
BEERBIRIEER 100%  F0K 1 -

=B REERIEZ mPCR B3R

mPCR 5t %
482 bp 780 bp 482 2 780bp A3t
BAEEAE T 34.6% (91/263) 452 % (119/263) 194 % (51263) 992 %
B 4 0% (0/15) 0 015 0% (015 0%
bk B 4B A Rd ° 0 % (0/49) 38.8 (19/49) 61.2% (30/49) 100 %
[ REE g 0% (0/451) 0 (0/451) 0% (0/451) 0%

1. FAEBGHE BEHAKAREY G @A E AILEMRAhFLET -
2. THEMEAMZEEEMNEA992%  HF 2% HHE A z4 complex #ripl 4 R

3. H@PIBEELS004] 0 Hbads S0nweE@n - hEFRETERFZIHR

RMELAFEM A 100 % °

‘lﬂ_llt
2

PIRIREEIRFE ROV ERZET L A - DARER

&

ERERERREZEEREMRECERRMBES &
T - BREMEE S S ERITREMSHRE B
EFZREEEEDFEKIEEAAMBERARES 1
HIEM PCR KB EEERITRI[S, 13, 16]18iEHE
HRBEXEBERPOAPIRERENDEZREERE
[1.4,6,9,16] - BHREEIZTERIE PCR il
RFDEZERE R &8 RDnase ¥ &8
22 PCR RIEAVER(1 7] - WIMER LA BEME
RRTERNERBRIARNE  BRIZEL ENEARY
EXfRBY-Malorny (2005)3I5R 5 HIEFIA PCR K558
EEREIPIREENISEIE HPEEEEPCR

BIEEAIEER  BiFEED PCR IFIRF « @—
REREERN 2 RE11] -

fER PCR RRIAPIRIES © SIF8UERETE AN
HEEHB 16S rDNA ~ invA ~ invE ~ 1IS200 + hilA
[7,12] ~spvC [4]~ enterotoxin gene % - {BEAMR
HPIRISEMNMBEISE 2000 & - ELERF
JIRBEANSZHMBEL  ERAAAERESZES
RREEE - HSBLIELER O BAREARERE -
FINIEF 3 HEIE 16S DNA~ stn & histidine
transport operon BRI PIRIEEAY PCR 52
[18]- B stn IEABREAFGR - BZHAETIER
ERBIFERIERE - tIMER hilA ZE2 Yersinia
enterocolitica B X RE[7]-rfod~ fIC & fliB T
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FAMERIEE Sal. Typhimurium EIEBMMBERI[8] -
FEEUN—EE 15 EERESENGETED LR
T 4 HS|FBIEEL InvA RESERRYPIKIE
&9 PCR 528 - 242 ¥R PIKISBEERGLERE
99.6% ' 122 KRIFAPIRIFRIEEZRZE 100 %
[10]-Bth B RS ETE Sal Typhimurium hBH 98
%EHk INVA BB ~88 % spvC AR [2]-Rhan
it 2 MRIBREH Litchfield & 2 HREBR
Senftenberg BYE#HK invA BFEM4[13] o INVA EAXRE
PR ERNERMERRGRFHERED 68.4% -
IS200 Rld 54.8% ° LLInVvE RISUAEREEML invA -
RHILHA InvA & 1IS200 TliEXGHIEE - 25

PER T MK H FURBR z4 complex BIIMNIBHIG
AN EERIHERIIEREE - EABRPRERS
RB2APAKREEREXRE 1089 %
(49/450) - Tran FEWRE 2 E 4 ABZEER
PHPIRIREREERR 5.2 % (23/439) [156] -

LR BREEPMANEREMBER I RHERS
88 ANB-C D K E & BHBHREBWF G-
H------ZMiES - BUEREEBENERERS - RiBH
EEREE PCR AR RESREEEZBR—
M BRABRMEH AR PIKIT
- AL aI B PE RIS SRR RIS -

s Wl e D il v i

1. FEF PCR & RI5E £ (F1488, R — R FE(ER 2 ¥5|F » HIGHIEMRE DA 482 bp &
780 bp° 1 £ 16 AT RERMIREE 5 AEERE S & 100 bp DNA ladder (Protech) ©

SER

1. Aabo S, Rasmussen OF, Rosen L, Sorenson PD,
Olson J E. Salmonella identification by the
polymerase chain reaction. Mol. Cell. Probes

7:171-178. 1993.

2. Bolton LF, Kelley LC, Lee MD, Fedorka-Cray PJ,

Maurer JJ. Detection of multidrug-resistant
Salmonella enterica serotype typhimurium DT104
based on a gene which confers cross-resistance to

florfenicol and chloramphenicol. J Clin Microbiol.

37(5):1348-51. 1999.



10.

FERES

Buzby JC, Roberts T, Lin CTJ, MacDonald JM.
Bacterial foodborne disease—medical costs and
productivity losses. USDA Economic Research
Service, Washington, D.C. 1996.

Chiu CH, Ou JT. Rapid identification of Salmonella
serovars in feces by specific detection of virulence
genes, invA and spvC, by an enrichment broth
culture-multiplex PCR combination assay. J Clin
Microbiol 34, 2619-2622. 1996.

Cohen ND, Neibergs HL, McGruder ED, Whitford
HW, Behle RW, Ray PM, Hargis BM.
Genus-specific detection of salmonellae using the
polymerase chain reaction (PCR). J Vet Diagn
Invest. 5(3):368-371.1993.

Cohen, ND, Neibergs HL, Wallis DE, Simpson RB,
McGruder ED, Hargis BM. Genus-specific
detection of salmonellae in equine feces by use of
the polymerase chain reaction. Am. J. Vet. Res.
55:1049-1054. 1994.

Guo X., Chen J, Beuchat LR, Brackett RE. PCR
detection of Salmonella enterica serotype
Montevideo in and on raw tomatoes using primers
derived from hilA. Appl Environ Microbiol 66,
5248-5252..2000.

Lim YH, Hirose K, Izumiya H, Arakawa E,
Takahashi H, Terajima J, Itoh K, Tamura K, Kim
SI, Watanabe H. Multiplex polymerase chain
reaction assay for selective detection of Salmonella
enterica serovar typhimurium. Jpn J Infect Dis.

56(4):151-5.2003 .

Luk JM, Kongmuang U, Tsang RSW, Lindberg AA.

An enzyme-linked immunosorbent assay to detect
PCR products of the rfbS gene from serogroup D
salmonellae: a rapid screening prototype. J. Clin.
Microbiol. 35:714-718. 1997.

Malorny B, Hoorfar J, Bunge C, Helmuth R.
Multicenter validation of the analytical accuracy of

Salmonella PCR: towards an international standard.

18.

151

RABREHRERADPIRER

Appl Environ Microbiol. 69(1): 290-6. 2003.

. Malorny B, Hoorfar J. Toward standardization of

diagnostic PCR testing of fecal samples: lessons
from the detection of salmonellae in pigs. J Clin
Microbiol. Jul;43(7):3033-7. 2005

Pathmanathan SG, Cardona-Castro N,
Sa'nchez-Jime” nez MM., Correa-Ochoa MM,
Puthucheary SD, Thong KL. Simple and rapid
detection of Salmonella strains by direct PCR
amplification of the hilA gene. Journal of Medical

Microbiology 52, 773-776. 2003.

. Rahn K, De Grandis SA, Clarke RC, McEwen SA,

Galan JE, Ginocchio C, Curtiss R 3rd, Gyles CL.

Amplification of an invA gene sequence of
Salmonella typhimurium by polymerase chain
reaction as a specific method of detection of
Salmonella. Mol Cell Probes. 6(4):271-279. 1992.

Thorns, C. J. Bacterial food-borne zoonoses. Rev.

Sci. Tech. Off. Int. Epizoot. 19:226-239. 2000.

. Tran TP, Ly TL, Nguyen TT, Akiba M, Ogasawara

N, Shinoda D, Okatani TA, Hayashidani H.
Prevalence of Salmonella spp. in pigs, chickens and
ducks in the Mekong Delta, Vietnam. J Vet Med

Sci. Aug;66(8):1011-4.2004.

. Widjojoatmodjo, MN, Fluit AC, Torensma R,

Verdonk GP, Verhoef J. The magnetic immuno
polymerase chain reaction assay for direct detection
of salmonellae in fecal samples. J. Clin. Microbiol.

30:3195-3199. 1992,

. Wilson, IG. Inhibition and facilitation of nucleic

acid amplification. Environ. Microbiol.

Appl.
63:3741-3751. 1997.

Ziemer CJ Steadham SR. Evaluation of the
specificity of Salmonella PCR primers using
bacterial

2003

various intestinal species. Lett Appl

Microbiol. 37(6):463-9.



152

Exp.Rep AHRI.,No.41 : 147~152(2006)

Detection of Salmonella by multiplex polymerase chain reaction

Chang WM*!, LLiao MH %, Lin KF ', Huang SM !, Kuo JH ', Shiau JR'

' Animal Health Research Institue, Concil of Agriculture, Executive Yuan

> Department of Veterinary Medicine, National Pingtung University of Science and Technology

Abstract A multiplex polymerase chain reaction (mPCR) assay, using two sets of primers
designed according to the sequences of invA and 1S200 genes, was developed for the identification
of Salmonella. The mPCR assay was evaluated by using 12 seed strains and 251 isolated strains,
which were attributed to more than 23 different serovars of group A, B, C1, C2, D1, D2, E1 and E2.
All strain tested, except 2 possessed z4 complex (H antigen) strains, were positive in the mPCR
assay. The mPCR assay was compared with the traditional culture and biological characteristics to
determine the specificity and sensitivity of the test. Using a total of 450 swine fecal samples
collected from slaughterhouse during 9 months, 49 samples were identified to be positive in both
the mPCR assay and the traditional culture and biological characteristics. In addition, 50 duck
fecal samples collected from animal house of duck were also tested, and all were found to be
negative in both assays. Thus, the mPCR assay developed can be practically used as an auxiliary

step for identifying Salmonella.

Key words: Salmonella, multiplex polymerase chain reaction, diagnosis
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